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mixes at least two components 1n a pre-filled chamber and
then ejects the mixture in a manner suitable for medicament
injection. The mixable components may be a dry/wet com-
bination (e.g., powder and solvent), wet/wet combination
(e.g., two pre-diluted medicaments), wet/gas combination
(e.g., chemical A and gas B), or gas/gas combination. In
some embodiments, autoinjectors made 1 accordance with
the teachings of the present disclosure may automatically
perform a sequence comprising thorough medicament mix-
ing (e.g., reconstitution of a dried medicament with solvent),
an optional pause to enhance medicament dissolution or
suspension, optional needle insertion into the patient (not
required 1n needle-free embodiments), medicament injection
into the patient, and optional needle retraction for safe
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5/31578; A61M 5/3287; A61M 5/322;
A61IM 2202/02; A61M 2202/04; A61M 18 Claims, 14 Drawing Sheets
100
INNER NNER HOUSING ¥
HOUSING ouL ropN2.CAP
108 276
OUTER HOUSING svamee|  PLUNGER RETAINER
FRONT COVER RETURN  TRANSFER YRINGE SEAL 559
280 SPRING ~ VALVE  BODY 272 256
248 224 16 AT~ "*""""*"‘ = PRESSURE
. .ﬂh'hw.I'..'“'f#:;‘-;kh}“ﬁ mﬂk . I RELIEF CAP
NEEDLE X¥1 '
2~ WGP AN O T Al 104
NEEDLE | “~gpte | CUTER
TIP SEAL h‘ , } HOUSING
L N3
2001 HONTIER
TRIGGER PLATE ill
204—"\ YR ==
SAFETY CAP 'lﬁ&fmr:—r-ﬂ**“* """ - 240 234
260—"/ 220 FLOWCONTROL  GAS CARTRIDGE
PIERCING PIN Acﬂ?v?fﬂ N GAS  ORIFICE SPACER
RETAINER 208 /' 264 SPRING o3, \CARTRIDGE
ek [ PIERCING PIERCING 288
~68 PIN SEAL =TIY GAS FLOWSLOT
PIERCING PIN

HOUSING



US 9,636,460 B1
Page 2

(51) Int. CL
AGIM 5/315
AGIM 5/31

(52) U.S. CL

(2006.01)
(2006.01)

CPC . A6IM 2005/206 (2013.01); AGIM 2005/208
(2013.01); A6IM 2005/2026 (2013.01); AGIM
2202/02 (2013.01); A61M 2202/04 (2013.01):

A61M 2202/06 (2013.01); AGIM 2205/581

(2013.01); A6IM 2205/582 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS
5,300,030 A 4/1994 Crossman et al.
6,270,479 Bl 8/2001 Bergens et al.
6,599,272 Bl 7/2003 Hjertman et al.
7,654,983 B2 2/2010 De La Sema et al.
7,695,449 B2 4/2010 Wang et al.
7,699,804 B2 4/2010 Barry et al.
7,749,194 B2 7/2010 Edwards et al.
8,496,621 B2 7/2013 Basso et al.
8,870,821 B2 10/2014 Laufer
9,173,999 B2 11/2015 Edwards et al.
9,199,037 B2 12/2015 Buchine et al.
2003/0105430 Al 6/2003 Lavi et al.
2008/0103490 Al1* 5/2008 Edwards ................. A61M 5/19
604/890.1
2013/0317477 A1  11/2013 Edwards et al.
2014/0094776 Al 4/2014 Cronenberg
2015/0250953 Al 9/2015 Elmen
FOREIGN PATENT DOCUMENTS
WO 2015165757 11/2015
WO 2016058009 4/2016

* cited by examiner



US 9,636,460 B1

Sheet 1 of 14

May 2, 2017

U.S. Patent

dundnoo

IBUUBU-8S0ID

Ocl

+++++++++++++++

o+ M )
F -
.
TR
O

|||||||
+*

H
4 4 + + + + +

. h F. [ - - - 4, + +
- A i
A r+, '+ A
-4 4444+ttt b+t bt d bt b+ b+ b+ FFF - - - - - 444
= 4 4 44 + % ++ F+F+F +FFFFF - - = = =
T
4
o]

; 148}
LSNOY 4810
{3 wl\m

IBUUBLD
UOHEARDY
CLl

L Dl

[e3si{]

LU Od

. /rf#ﬁ##fdﬁ;

. ‘/ Sy
: — ﬁw

g

-
-
3
+
‘ + i+
- + .
¥ o A
a4
- *
4 1
gy # - A
L . L
+ + A+
s = - 2
L e " . H
¥ty ..u. uu *
* Ty — .
ol - Y
* + AL
+ -
*
b

801
BLISNOU JBUU

h..,\\ N\%\Eﬂ%\ﬁ\%\aﬁnﬁt\%\\\%ﬁaﬁﬁg %\%%E‘%\\\\ﬁ\

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

WR\\&Q

f. ol e i,

B

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

fzﬁﬂﬁﬁﬂ// A RRRTTTRR /.%:yg,%/% Jﬂgfﬂ%ﬁ///y

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

bi\.\w__n__..L.-._____En.i\.h\\\\h&ﬂﬁ!\\.ﬁ\\h\h\\h\h\\h&\

\%% IV LA

| — ﬁ.- YL A SN

(-

?f#f#f#ﬁfﬁf

_.\\

mm@
IBUUBLD

JUSLEDIDBIA

ISR N Y, . W . " L N, N N W i‘t&lﬁ’l‘tﬁ‘ﬁi‘iﬁ‘i‘l“fi‘l‘l‘54[%’4&!

/1 - -

‘Ef

Aﬁf#

/N

+++++++++++++++++++++++++++++++++

NN

N

M
"
r.m

ﬁ?ﬁ..ﬁff

P e

\\\\‘H“h\

- -

rrrrrrrrrrrrrrrrrrrrrrr



US 9,636,460 B1

Sheet 2 of 14

May 2, 2017

U.S. Patent

¢ Dl

DONISNOH
Nid SINIDdHld
8Y¢

LOTS MOTH SVD Nid_ WISNIA ] wson
87— ONIJHid ONIOYEId /15y

TOARLEYD N\
IOy sy 108INOUMOTE 02 mwm

YRE ., “

MR 55, 000 ,, ++++++++ ”,,,,.,,-I_ . ”,If:::- - .”,,I:.,H.,,..,,”,,- - o
R N R

- - + 4 - "
+ + b S - / ”.._. . . _—— & = r g Al il ..... E\aa- ‘w - r
; 2RO I SNSRI T T F L L LA CE TN

gD BB

1
- = F ¥+ +
+
-
[y
+ + 4 = F
™

AT

g _mmvwrﬁ_hﬂﬁﬂﬁkﬁkhﬁ%ﬁﬁ & ;f/u_ﬂﬁﬂﬂar

...
' ' | '
* |+ + -
- - - - 2 i -
oSl + * - ¥ y - Ll b k.
B B - - 3 - hy hy h
* + F. ) 1= F + 1 # i F L
J L ot . S v
* ¥ D e k + - NN
. O . " Rl P
* v gt T = ; hm GRS - - 3
- . T . T ¥ -Tr o e . . [ " i Py i
+, - + N Pt + Ly + . ; R i yrwe ¥ 7 #‘.‘l.th.}lﬂ A,
... ...... ...... .-... . ....... .. ....... ......
I.l. “ . ._. ...... . ... .. .. __...... -. ._. ... ....... F ._.
. .. . .. . . . ...
.. .+ ++- . . +++ .. . ... . - .I... . .__.
._ .++ ._ .-. .-. ﬂ++| 1... + . ...._..._... 1... 1.||... —.
... .. . . .. + . - ++..+ . . + . .. .+ ..". ++ -- + +
. . .... ....... . ...... ...... .... ... ..
... _ . + . ......... ._. !- .u....... .. ... .. ...
. . .... . .+ ...r ....." - . .. ...1. ++ . ... +.
1 +.. . ...:1.. . ... . ...—...... ..._t.. .. ..
.-. —. .- + . . +++ - . ._-. ._
_. + ... ...... . 1 . .. _. + ._- -. _. ... __._.
... .. . ... .
. ._ ... . +

4100
122!

d ,.w.,,l AN , ,,- 3 m\&mﬂﬁﬁﬁ H,, * Jﬂ
TN PP O === e I AT AR
N P S T -

L *
44
4
r
+

+
.
+ + 4 - +
T - o ]
+ +
- T -
™
- - . a4 =
o iy
- . +
4

+4
L -
+ +
a
]

+ 4
v -

4 ..|.|l||-.._.|.rﬂll..|||»l.._....+.rﬂl.hrﬂ.1liﬂuhllll.|

] )
+...|...-1H_.-._.||-rl..l_.ll.-_ﬂ._ﬂl._.
T o}

»I.._.illrl.|ll.1_1._._.14r—. +

- T -

Y
+ + +

dV'J 41D
Zf155ddd

HAANIVIAY DN g

9/ QoY TINd 801
dv0 ON3 INISOH

.\ﬁ ONISTTOH NN NN

001

CLC ONpMdS  PO2

e -
A -
+
.‘.-. gl A 4 . )
- 2 t L, *, » -
- Al rat + o+ N+
-kt A g+ 4
"y r -.+1.1 L
- - *e + M
. oyl F a -
; Ak ek o [ + 4+ F
3 2l d-= F + F + + W+
- Al e ™ - - -
4 + 4 '+ + + ¥
Bl e i . . - ,
Y I+ e - +l. -
i - - L] + - # + +
+ + s i - 3 i + - +
y y g g N + +
+ & L -
y -
A - F F i
"
i
+ 4

95z —" iz N\ o5 anTA INIHAS
+ AT BCER \ goNyAS HIASNVHL Neflizd

Ul yaNivLas
[ Nid ONIDN3Id
097
A3 ALIAVYS
07
UV HIDOIH]
007

V4SS dil
=REEE I

= U= =N
Cié

08¢
HAA00 INQx -
SNISHOH J23.100



US 9,636,460 B1

Sheet 3 of 14

May 2, 2017

U.S. Patent

T3S Nid _
ONIDHIId  DNISNOH

Nid ONIDHSId a7

Nid DNIDadld

. 752 392
v Dl " ONidds  |HENIVIZY T
_ Nid .
MO oniowgi /ALY

410 ONIMAS Nid ONIDHId \
aLg

1D LEYD SYO

022

3014140 TOHLNOD MO

HAA0VAS dOQRLEVYD SYD Ovd

B _ mmzmmmma+-
dv0 4373 FUNSSTUA ~ 716

@mmi B
.—..—. .-.-.
T
s - -
= iy
+

SNISNOH
HIALNO \ g0}
p01 \ ONISNOH
| \ HINNI
252
HINIVLTY
Ao TINd
P 20¢ GlZ
FNISTIOH mm.ﬁ% HIANIYLIIY YO ONI
. dYD A3119 DINISNOH HEINN

—— 3HNSS I

dVJ ALA4VE
~YL

’
a
- +
..
'
F
s 3
- 4 - -
r rr - - -
- bk
h '
4 v
" e ) - " -
- F 4 3 + + +
s o T + f
(] FAg - ¥
a 1 r rr r b
. - L
. [lier n
F + [ ] 4 ]
¥ 4K + ¥ ¥, c
F=n " - r - "
- Pl i g s . a 3
i g TN, o, 3 T 1l +
+h 4 T - = -
N b ML L . ] -
- lr - = My - T B -
~
.
a 2 . st r. s
1 "I F T
r 27y
- -
M. 3

&8 Wt Qb7

adil = 10=-4N
vre

HIA00 INOYa

—082

FOE
ATENISSY
ONIHAS

§1074
DINIddS

INedl 1.l e



US 9,636,460 B1

Sheet 4 of 14

May 2, 2017

U.S. Patent

* o+
o N ..____...
'y L L
+ + + -
+ s
]
, e .
¥
+ + + -
-
+ mow
s

7 Old

717

JA20LLEUD JULUIEBDSI] TN

.......... . .F.ﬁ ..-.l. M
# . s LI L
* 3 " ....-. ru; .ﬁ% g

-,

AN 3ATA gL
QA Al (A
TN HIONYEXE IATYA HEH4SNYHL

~ 0¥

r-
. .
Lh +
™
+
* +
- X
+
= -
i -
+
-+
+ 3 +
h +
o .
'3
o +
-
- + hd
* +

Wt HANZLAAILE AATVYA d34SNYL
T AlGUIBSSE abUIAS
N/ TYES HIONN T "~-voe

¥ i

TS dY 3 AONIHAS



qd8 i \\Et desy Ajojes
02 vl
320] Alvjeg

US 9,636,460 B1

ijjjiiir’._I..l...lllll’llllllli’lllllill’l

+++++++++++ o %gggggggggggggﬁrg%ﬁéﬁ“

A A A A A A A A A A
T <IN N :
_ of 3§ —'-—
, { peonoreoenor ‘
+ HWﬁlw\imimlu_-/

f#ffﬂff ! L.,#\L.ﬂtuﬂ.lﬁﬁhHﬁhﬁﬂ.\mﬂ\#ﬁlﬂ#

?I %ﬁﬁgggggggﬁﬁﬁgggﬁg J.__}r

A .____..1\;\h..Lﬂﬁﬂﬂﬂl\bﬂﬂw\ﬂh\nﬂ!\..H!.\....1:1.._.__...____1,__1L\..\m___.L._____H__wH\.ﬂﬂ\hﬁt\ﬁt&\tt&\ﬁhﬂiﬁuﬂ\ \v\\twr-m.a\.\v

-
'
+ - +._.n .._. L]
g ...—_.'._... r 4 ..'lll T+ ) + '+ +
- N 1 r r
AT K ; : J. .......
[ [l K 4 ‘ - + K
r B -
14 N 14 Hy L [ ] - +x° I [ e s Syt
1 K ._ A -
P ' 1 g
v
'+ 1 3 - o ol +
Fl ! £ I - - Fl
.—... =T+ = 4 = - = + 4 . =
- L
1
- - - [ "
: ' '
+ 14 L't - + P - ey =
: i i, ' T ' ' L .
[ - *
P et [
a
¥ 1
-
- " .
- 1 ]
i
i L) 5

-
— L R N I L N ) =

-t

o

-~

&

\f,

~ K

3 m@wahm xxmw mw;“m

h .

’ BUisSnol Jeuu D > 00| ABjes
SOH ASUL] ofipupe) sen  OURISEIG 02

201 072 787
o e < ..iuni!.innhhn!nn ninnl\!nnhnt!n.ﬂmlxlx /
m B . —-— RERERRY ey HH\\&#H.F##
! il 1 <

2 | I f..w.v,ﬂ....\.ﬁ.__.\\\\\W\\ﬂ\\.LLMﬁF\\\\\\W N\ﬁh\ﬁ\iﬁ\lﬁff/f

> _ .E..,.,M

S ¥ ! ¥ 4!.....1........&!?.(

> T., %L!FLE&

L+

\hﬂﬂ. i Lﬂ

t. t
DTN L R -

o 5 + -
LI.—- F B & _
\
) H
At 3 -u “ A—.
= 1 Lt N -
! Lorpri] R t % = ] | +-
- i H ‘“ .._. m -
gl Q 1 A
.—.

ﬁow e ]

m . omm wam
BUISNOM J81n0 e ne vec Bnc] den Aisges

abulAg 49ISUBA]L s=iily

U.S. Patent



US 9,636,460 B1

Sheet 6 of 14

May 2, 2017

U.S. Patent

(1% Dl
SO0

IOJLION MOI4 MO SEo)
w.wm mmw 3nssald ¥{a]m

._. ,
illlllll]!ll I.I.I;Ililllll II.I;I:I.II.!.III‘

,... iiiiti\iiithti?ﬁiﬁiﬁh\iﬁ\iﬁ\iﬁl\
. e -,(lmlx
— ; R ST YT TIA

T —— .n.\n\.\ﬁ\.\'\h\ﬂ\\\
. ..". ¥ +.+ +T...—.J 'i .‘
H.ﬂht.lﬁ..‘\h&.\t\ﬁ.ﬁhﬁ.h‘*\ﬁ* l..tﬂ__“h.iu\ I t' &.

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

N&% /AN
Q!ﬂuw * * N. Ve
W | e | e u“hn ti .?.ﬁﬁ%

Hﬂ%\&

1111111111

,

,
F
L]
[ ]
F
:
,
F
+ 4 - F+ ++ 4 -F

: \— .

- ". -
- & i = =k - -+ 1] = k%

+++++++++
1111111111111111

= A N N T N I L S e il T o A e L T S i [ Y P Fl
+ + = F + + + + 4 = F ¥ + +

[

rr T T F YT TN =rFrTTTANCFTTT rr T T r T - ar T r n

g%%aﬂﬁ? /.;ﬂ( Jgfg% gg%.%ﬁ //Vsﬁ./ . ) :ﬂm

j;iiiii S S i R SO A, S . . O, S . N s W S Y, S S S . o, o SN >

®E3m®> ShlEA J=aiSUBL L m olgle
e 22" moi4 Brug pexing
. GuipuedxX= Pytiesir

DY Dl

001

+1 -Fr++*++-F+F+Ftrtd-+Frtd = F+ + + 1 = F+ ++ 4 - F+++d = F+ * + 1 - Fr++++-Fr+t+r+rtd-++++1-r+r+rt+rd-F++r+d-FF+trd-F+Frtrtrd-Frtrr ARt -+ +++4-Fr++t+d-Fr+++d-FrF+Ftrd-Fr+FrF+rt-FrF AR EA = F+ ++4d-F+++d-F+++d-FF++d = F+ * + + -

/ﬂ%%s%}%%:@ﬂ%g% 1%._”#5#
AN o ._+.uﬂm.ﬂwwwmwmwwtﬂﬁﬁmiimﬂ&wiﬁamﬁ l A U 'y \

TN h.kh.,\i\\ ATV %ﬁrf:&n_ —”

+
+
+
-
[
-

__________ A % -

i kg % » y & :
e 1._#\_____..\Hh\hh\h\h\ﬁh\\\\Hhﬂh.hﬁ\\h\i i i CEREEC

= éﬁ%ﬁ%@%g%gf/%%gg/fgfm/

LTI LTI LIS TIRITLET LTS LT ETEETS T EL LRI L ST IS L 152 T

¥ A
“___....Hh ...............................................................
7 1 = ...IJH

h‘.\i\q\,\_______n.._____Eﬂ‘.\Lw.\u\%Lt\ﬁh\ﬂ\;\.\Eﬁ\\.\ﬁ\\\h\%\\u\\\\ﬂkﬁ\kﬂ\\.&‘\hﬂﬂ

. ?gggfglgﬁ%%%%gﬁ%ég%

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

J"

= & d DI I R L I I N e i i e A e e AL I A kd e
+ + + 4 = F + + - +* + 4 = F + + +
r 1 rr T T F Y TTT="FTTTTACTTTTN rr T T rT T T r T r 1

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++



US 9,636,460 B1

Sheet 7 of 14

May 2, 2017

U.S. Patent

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

+++++++++++++++++++++++++++++++++++++++++++++++++++

;?/V /,A.?

#..iﬁﬁ
#54
Jﬁf#ﬁ

..F.ﬁ...uf.ﬁ#ﬂ.

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

SRNENNEN, /ﬂ%gggg I s+ epmpry s e
=9 \\\\\%\h\\h\k\%&&\\\k\\&\k&\\\\\\\\\\\N&\Nﬂ\\\\\\\\\\\\.ﬁ\\%auﬂ.

c ]
ry
' A, '
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ h i AT
e ke . e A .ﬁ A ¥
++++++++++++++++++ ok
B ‘ '
&

+ r‘_ ]

1 a
* : ... r

* [ ...
N

++
x 5
rrrrrrrrr T .
..
il
]
-

] - L '
"
r -
A F REh
" r -
' + - ... +|'. +
<l | F "
+
¥ - +
F
N +
+
* +
P+ -
+
...m *
F

\\\ 1+4IH

: % é! -~
- , vy .\ \lmw‘ W ekl el o
_ + ” P BT {: ;;_“fwffiﬂ# m

|l V-7 %: Y

. .:::.:::-:-:.:::::.:-:.:..:::.:-:-:.:.::,:,:-:.:.:.::,:-:-:..:::,:,:mﬁhhihﬁﬂhhﬁhhﬂhhwtm.._,.qN&iﬁ%&%&i&%ﬂ%&\%Nﬁ%ﬁk&ﬁ%&%ﬂ%&\&h&n-.NN\\NxS. m

T T S . T S, O o O T S e S T W . T jjjjiﬁlrjiiii T H.U o MC m
Loiosiu] Bulng cQEE Las Jabunid Bnic] DeXiin

001~
mm .@E

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++ o \ +\.
R S A TN S Y 13 ¥ +
+ F o+ = I A+ * + + F o+ * H
A - - LN + + - Aot & ot d ke
: b SSLELLE L LG LLEL LD
+ + + + + i FIERE S NN I N
o + [l ) [y £ = + + * [ N O N N B +
+ +
L) ey
+ *

L_L—a

m AT
SIPSSN 8Ul pusIXY O} LUOHOW U IPUIN

‘ wmmmmmmm
TASTY POd d AlGUIBsSSY abUUAS

IBUIBIS M
POM A 00 w!\



US 9,636,460 B1

Sheet 8 of 14

May 2, 2017

U.S. Patent

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

| RN
é,%g ﬁéjgé l,m /
B SRt ? " +.”+ J.\ o . H.-__...-__,._..__.u-_u..v1._‘_-H
m A A AR N P ra !hﬁ\ﬁﬁ&:: ++++++ S Aaaaste
v T TS e SN
LEMMV._.._.whh.{iw\i%ﬁt%hkw\hﬁ\bﬁthwh\\ -k A

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

NI AR NN PN NN AN AN N NSNS

ﬂhﬁhﬂ\*\iﬁhﬁ\!\iﬂhﬁhH\h\.ﬁhﬁh\ﬁ\\\hﬁﬁ. AR h\\uﬂ!ﬁ\\ﬁﬁ\\ﬁ\%ﬁxﬂ: 1&\
&

ﬂ.«

= 4 + + + + + F 4 + + + + + F

. 3 . - 'y B .
- + 4
v [ -
- - - = - T
- il i k. T o e Tl T T o e A
o e + F 4 4+ + + + + F -
+ +
+ + + F i+ LR J + + + F + + + + + + 1+ + + + + F + + + +
rTrTTT 'r

f"

% ....H% __L. S f*ﬁ?ﬁffﬁf#f \

el el =]

: ,.1 .\.tiw” II t _I % .

- | K B X ‘ - \u\.ﬁ \?\\. .. \\ ] k + :. .

A iy R LY Y 5 Do, ‘e

X - A —— 1&&%%&3«1*&,&&wﬁﬁﬁiﬁﬁmﬁiﬁ&ﬁﬁﬁmmﬁﬁﬁﬁﬁiﬁ%ﬁiﬁﬁi&ﬁﬁ%ﬁﬁ#ﬁ%&# ‘ &#ﬂ%\\h S
o A R R N R R R R R RN NN oo Ny |

;;jji;iijjjjii;i;ijijjiiijijjjjiii

coﬁumbmm SINOON

oo 2% Dld

}ii;iifiiiiiiiffiiii yipininipi ffiifi plyinini.ipiipivh, -pivinivii. Niinivh. “viinivii, Soinivivn. eivive o

[

-

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ N N R N N N N N R A
v

* + *

+
iy
n

+

P ) )

- +
£

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

.- .
+ #
+
+
+
-
- - -
]
+ 1,

_____ . | | . u AL N i\\\h\\\\%\.\,&\:,
: i < I 7
_ , ‘ ﬁ?ﬁ%ﬁggggﬁﬁ /f%ﬁ/érf/%%

ti\\%ﬁ%\&&hﬁ..&&\xﬁﬂh&w.&N&,\h&\%\ﬁﬁh\&hxME&N\&&\\\%&H&&&%\&W\%&.ﬂ . W.__
. \@\ m F#Jf#fi

4
- H ... |l
A L] ._
' il ' ' . ' ' ' '
A b 1 1
Rl +, . ” oy 1 + T ok R
+ o+ o+ F oo + * 4
r - r -+ 1
x
4 1 .—-. —..—. - o
1 + 3
k * * 1
ria - r
F b + + 1 +
' 1 0 ' ' . . 0 ' '
3 + - + - + - - - - - D | + - 4+ 4 1
vga - B . e . - -
b + - + g 4 1 | N
4 + 3 + . = + . +
¥ + T Ll - ] '+ i+
i+ ] ] A + + + + r 4 1 +
- . 1 1 1 1 ' [ [ - n
¥ ] g+ L+ F £ - . +
- - ] A a -
__++ N + +_. + —_+ N i ...I...... v, 4 + *
e .‘ﬁ F ) +...J.ﬂ.++ K *
9 P + + <k
H LN Tam - 3 k-
L} L} L} ¥
. +F L LACEC
# ¥ = B - + L b bt bt - + F Ak & 4 ENEN + Lk, & 4 - - - + + 4+ -
hi 1 + W o by h by h h h h h h h h

Q\ﬁ\ﬁ\%\\w\\\\\hﬁ\\ﬁwﬁ%\\.&t.\\\%\5\&.\\‘\%\\\.\\‘?&\5

- +.M\H\h..m-
h‘_‘.‘

SN

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

mgmﬁﬁ Qmu

1SHeM SINSSaid

(0 wa\m



S. Patent May 2, 2017 Sheet 9 of 14 US 9,636,460 B1

> Yeauns ummnﬂiﬂ

¢ g

i

R
i
2
i
g
g
5
§
5
§
?
)
2
!

+ + F

100

LN EEEEEEEENEEEEELEEENEEEEEERELEEENEEEEEEREEEREENEEEEEEREEEREEENEEEEEEREEREENEERENEENRENEEENIENEEIE.Z:.]

= + + F + + 4+ 4 + 4+ - %+ F +++d+F+F-++FF+FFF A+ - A FE -+ A -+ A+ - A -+ FEFEd -+ FEFd -+ AdFE -+ A - A+ - FF A - FE A+

+ + + 4 + +

+*
4 + + = + + F + + + 4 + %+ = + + F + + + + + + + + + + + = + & F F ++ FFF - FFFFEFEFFEEFE-FFFEF

- ' [}
[]

L R N NN LSRN EE LB BB BB BN EBEBEEBENEEEEBEEEEBEEEBEBEBEREEBEBEEREBEREEBEEEREBIEENNELSLS.]

++ - ++Fr+++d4d++-++F++rt+tr Pt -+t rFr+r+rtr -+ttt tr-+t+r ettt rtrtr-++rF e+ttt tr-+ttFtrtrt -+t FEt

m - - - a.. = ___ =

+

+
* 4 + % = + + F + F+ 4 F+FF - FFFFEFFEAFFE - FFFFEFEFEAFFE - A FFE - FFFE A FFE - FFFFFEFEAdFFE - FEFAd -+
[

+ oy




S. Patent May 2, 2017 Sheet 10 of 14 US 9,636,460 B1

+1++I‘+++I

Needie Tip Seal
' Gripped by
trigger Plate Jaws

L
F

200~
rigger
Plate

4 + + F + + + 4 +

-

-+ + + 4 ++ -+++*+ 4 ++F++r+dFr+F Pttt

+

*+ + + 4 + F+ F + + + 4+ + F + F +

S FEG 63‘ h

+ + F + +

Trigger Plate Jaws Moved
to Released Pressure on
Needie Tip Seal

+ + + 4 + 4+ F + 4+ 4+ 4+ FF++

+ + F + 4+ F - + + + 4 + +

+ + + 4 + + F + ++ 4+ 4+ F+ ++ -

= 4+ + + 4 + +
= 4 & kA kA kR

+ + F + + +

4 + +

Fd + 4 + + F + + 4+ 4 + +

= + + 4+ 4 + + F + 4+ + 4+ +F + ++
.

+ + + + + +

+ 4+ + 4 + + F + + 4+ 4+ F+FF FF+FFAdFEF -

+ + + + + + -

FlG. 6B

+ F + 4+ 4+ 4+ + F 4+ + +



US 9,636,460 B1

Sheet 11 of 14

May 2, 2017

U.S. Patent

T-

3 ===Bgn

n /
AR,

Afér?}r:ﬁﬂf W) é/%né/ Aﬁff/ﬁfé % ........ .

,;,
%
SR
TR
g
7N
A
N
N
%
g
U
,é
é
/
;‘:@
?ﬁ
é

11111

..'.J.J.__.._..a.‘.\Lu___...\,h\...__.Lﬂ_‘.\,\tﬂ\ﬁLﬂhﬁﬂﬂ\hﬁ\tﬂ\\tﬂ\\,\ﬁnﬁ\hﬂﬂ\kﬁhﬁﬁ!\\%ﬁhﬁ\\ﬂﬂ\\ ?l.ﬁ

,,w.q.z_ \i\ ;%%% i a \ : 7 N%

rrrrrrrrrrrrrrrrrrrrrrrrrrr

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

g @Euﬁﬁhﬁ\xﬁﬁ\h&hﬂ\hﬁhﬂﬁﬂhﬁﬂi\hﬁhh&___ﬁ\\ﬁ%\%\ﬁiﬁ%\\ﬁﬁhﬁ\\%\% g a_n,

\ rﬂﬂ?ggéﬁggfg%ﬁ Jgﬁﬂ.fé/_

= =

iz gz SN ST
OIS ffﬂ//‘/ _

S D slauiRiay Apog

m
m 4.5\%§ ‘N ‘ \. \ Nm DUISNIOK JUSWEDIDSIN
3 004

17 z
T \\l;t

22000 \ &

%%%%%%%%% 5 7
...

T A

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

o\\%§t? _

:
m m
P01
DUISOM J8INgG
0.
5$808Y
RUBISLLINDID

—_ e e
S A e e ) -
| m\_w..a\} _ m ﬁ\%\v\ \ - y o= + N

T -



a8 Did
NOSEs|oY Uld Bulnisid
wm._ﬁwug& mmﬂatmu wmw “wmwmmama sleld obbiu

_,n,, %ﬁ%ﬁ%ﬁ%ﬁfﬁﬁ/ fggffﬁ;%ﬁﬁ? /mf.

. m ff.ﬁrfiff#ﬁa. g L A S Y S ML A B rﬂ#ﬁ#f#ﬂ#ﬂf#ﬂ#ﬁ#ﬁfff#Jﬂfﬂflfﬂiﬁrﬂfﬁn,.iw g
f‘/].l 3 Pt
= U ==— |
ﬂﬂ ﬂ/fi# ......It.- A . ;ﬂfﬁrlﬁnﬁ»fﬂr ftffﬂr;rf .J‘

.l - '! ..—. +
AN ..l..I.E.._nt!.l,..ttll,___IE.IIw..l_.Llrli_..l..,l.:...wiﬂiﬂi\n..r..r#?.ﬁrfﬁiﬂ#f#ﬂiff#ﬂ#ﬂrfﬂ!#ﬂfﬂﬂ!ﬂﬁff#ﬂ#ﬁ#ﬁ!I ...l i‘

“ .ﬂ@ﬁl O EE T E E E T TS fmﬂ

11111111

US 9,636,460 B1

il ﬂw Ffﬁfff?fﬁfﬁf?ﬁuﬂ?

“hw

‘&_#.ra

\

o AT LTS ETLL ATV LTS S LA I LT LA %ﬁ%ﬁﬂﬂﬂmﬂmﬂﬁ%ﬁﬂ\%\ﬁgﬂﬁ ﬁ

Ay W ,
At Ql L\\ S

L‘i"‘

7, S— i i

K e R ] X
/ . . {1 s -‘—‘_ -
g8 Ll . — B . ” A -
-t w7 i \\ ..... Booosasaa Aiiﬂ“w
v R ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
— .a .gfﬁﬁﬂ/ﬁ?fﬂfﬁ/. gfgﬁf/fﬂfﬁvﬁfgf,ﬁﬁﬂfgffgﬁf “
- ., . R A, Y. — ranrgrARRA ARG ARG
g |
— oomk
~ . -
W
2 V8 Dl
7
S R N N, S N, S, Y I, O, k. N, . S e, N N e N N S, . N, " N R, S N, ;ff,fﬁfffd 3,
“ﬁ ﬁ%ﬁ%ﬁgggﬁg%%%g//é SEANAN l“ N
P b At 2 St 2 AV A A o 2 2 o ﬁﬂﬁ\b&wHhhﬁhihhw%hhﬂnﬁw&ﬁwh&ﬂﬂhﬁ%ﬁﬂ l.._..,, \ ”
| Pl R %&x&\\uﬁffﬁwr 2N
™~ ‘ L -ﬁ— m
o he N ILLLELTECLLLYDINNY m
= ﬂ ﬁﬁxﬁ\h&#\ﬁﬁhﬂﬁ\hﬁh%ﬁvxx\ﬁ#\xﬁ\h uiﬁ\ii l.m..frw ”
2 . . ._ __ : é?ﬂf#ﬂ!ﬂl/"‘“”
) _ T\
> \ )
~ | _ L@t
N S S R R S R R R SRR TR o -:,%ﬁﬁ/,ﬁ?géffg ........ N
........................................................................................ .r Fﬁ*ﬂi‘.‘"
LY

08 . _
00— AIGLIBSSY WSIUELOBIY
JEYYIE=Ye

BUISNOK IUSWEDIDSIA den jeas 2eliiey

808

U.S. Patent



US 9,636,460 B1

Sheet 13 of 14

May 2, 2017

U.S. Patent

F + E +
+
- v
- +, +,
L] - T L
= r T TTTirTTT rr T T T
F] 2 & [ a2

(8 9Dl

éfffﬁﬁ%ﬁ%ﬁﬁﬁffgﬁf;ﬂgﬁ%ﬁﬁﬁﬁ S

JJ! ..ﬁr##ff#ff#ﬁ S A e S A S S A o #f.y?ﬁffffffﬁffﬂff#ﬁ#ﬂ#ﬁf#ﬁ#f#fﬂ#ﬂrfﬁ.." CON /.
o i _I_.h.. OGN Yy I -, W—— L I
, RS

“ B R .__.i,ﬂn\ﬁﬂﬁ\
. - Ly 2F X u ..‘ . y iy k]

g, el
- _Wm\

S S S lllil’llll’llll‘lllllill“li

. _ - Wﬂf érg gggﬁggﬁzyﬁg ;ﬁrgfgféfgfgﬁg ﬁzﬁggﬂdr .‘F//M .ﬁ# “

Holay LICHOW
2INSSBI A LU ]
MO[d se) Ui Buiossid
Fi

ﬂ oo N h N A R Ny % f;i.;ir %
%ﬁ?ﬁﬁﬁﬁ%ﬁﬁf?ﬁfgﬁﬁ/ﬁﬂ%ﬁqﬁﬁﬁ%ﬁ%ﬁfgﬁﬁ )
H ﬁ! J?#f#..ﬁr##fﬂ ” ﬁlﬁﬁlﬁwhﬂlﬂapﬂqﬂ:ﬂihtHﬁﬁ&hﬂhﬂhﬂh{rﬂwﬁ.ﬂlﬁ#ﬁfﬂfffﬂ .ﬁ?ﬂf#ﬂ.ﬁff#fﬂﬁqﬂf;ﬁff#fff.Hrff/ 'f'# “
1 Wlﬁwﬁw 1- AR TTTRS //Jﬁ:ﬁﬁ“ ~
(I = 1 4! .
F Wi/ﬂfﬂ#iur#fdﬂt*ﬂ *mumElmhn-.r”ﬂ_huqE..Htwh”fEEHH&HEH@Eﬁh‘\rﬁﬂ,ﬂuﬂfFyﬁfﬁ&-ﬁﬁff;ﬂfmﬁfﬁ&ffrfm.“”“”lurffﬁff.ﬂrwéﬁﬁ JF},‘“
w L @U gf%ﬁ/ég ___________________________________________ ,ﬁﬂ/ %%%gg Rasas ﬂ“

'
L) P R RN SO I I I BN
r - r '...
- - d . * - - - - b . u 4
"~ . i 4t -
M Pl . N
v & -
L} L} L} L} L} -.- L} -.- L} L} 1
P T o AR S R N 4
oF k h . ! -
- y y 5 . -
' ' . \ (il h '
= = = = = o & 4 - -
2 - Fagrye -
- L ) . - .,
. -
# + - W - - ke - = i 3 - -
i a i,
r i ) = = -
oy 4 b tos . -
-t " *
+++++++ R
¥ ++ -.+|

I%ﬁ%\ﬁ%&hﬁﬁxﬁiix%%%%m&ﬁ%ﬁ%ﬁx@ﬁ%@% \_
ﬁ ?ffé%gggﬂ%g/gfé/g ggggx%gfgé?ﬁ “
B .,

3 u
F §
§ ]

SWNJOA mzmu%%m Mol uenn  WOROW eBpuyen Bric

Qoml\m



US 9,636,460 B1

Sheet 14 of 14

May 2, 2017

U.S. Patent

—.

r_f N

n’ .......................................

rrrrrrrrrrrrrrrrrrrrr

*‘iﬁ.‘.‘“‘]ﬁ‘mﬂ“ﬁ_‘.‘m“

ﬁl%ﬁ R R R R R e

ety E\N&wﬁﬂ\.ﬁ\\hﬁ%\h\\ﬁhﬂ%h.a‘Mﬁ\kﬁw&\\\h&&%\%ﬁ\kﬁﬁh\\%\%\\ﬂ\%\g‘ ‘.

1Z

48 9Did

+
4 +
Y
. ' ....‘._

- /?%&%%%ﬁ%ﬁgggﬁgg ‘
_____________________________________________________________________________________________________________________________________________________________________ u

RS RN

_l\...l_ 'R ——
,iFﬁﬂ..._...._mﬂ#ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁﬁﬁy e iz R W

- §
-

'
+ N -
+ N - *
-
-

-

-_._.

rrrrrrrrrrrr

\
-ﬁw/ ﬁrﬁﬁf m

ijgjiiijjiiiijjjijjjlijiijilj

%
K

susdO deo
1318 8INSsSay

@mmz\m

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

48 Dld

m._mm_ﬁ.ﬁhﬁ\

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

\Hﬁ\ﬁ-ﬁ.ﬂ&

_ ’i"j’i’li”’li”!’!”i"!’l..I ,,,,, -‘ﬁ -
w-m %ﬁ%ﬁ%ﬁgﬁ%ﬁ%ﬁéggﬁgg%ﬁﬁ} Iz
Y ! i :W#ff#ff#fﬁ 1“&1‘“&“&‘.“““*’” @r?.?érff#ff#ffff#ﬁffé?fffffffffffﬂffff,ﬁ.. N l ‘f.
L N S ¥ N VT
ol ] wflf., AN 3 S NSN ﬂffﬁf#ﬁf ANBAN 2RAN # ]
. WEEI,,I IA : { % 1)
il ﬂ e e N NS SN
N | SN S -ﬁﬁrﬁfiﬂﬁﬁﬁmﬁﬁﬂwﬁﬁﬁiﬁm&iﬁﬁ.ﬁiﬁ *r.fﬁﬁﬁﬁmﬁﬁﬁ@mﬁﬁﬁﬁ?ﬁ#ﬁﬁﬁfﬁw..? A “
. n?%ﬁ%g ++++++++++++ S xﬁ%ﬁ/gfﬁm_x
: ”ﬂﬁﬂmﬂﬂqHﬁ%ﬁﬂ%&\\hﬂﬁﬂﬁﬁ%ﬁ\%ﬁw\\@wﬂ%\%\\NE&E\\%HN\%% ‘
. _ R § | . B k.., a{tﬁ!
\/
- %ﬁr%ggg/gf gﬁ?&%%%%%%ﬁ#ﬁﬁw& /
N ——— — N — e —— .
& ¥
2
m I

{3
..
Oi;

UONOIN Jabun A

150 Bnic] 2insssid Ubid



US 9,636,460 Bl

1

PNEUMATIC AUTOINJECTOR WITH
AUTOMATED MIXING

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This 1nvention was made with government support under
SBIR Contract No. W911QY-14-C-0047 awarded by the

U.S. Army. The government has certain rights in the inven-
tion.

FIELD OF THE INVENTION

The present mvention generally relates to the field of
automatic 1njection devices. In particular, the present inven-
tion 1s directed to a pneumatic autoinjector with automated
mixing.

BACKGROUND

Various automatic injectors, or autoinjectors, have been
developed that are capable of either administering emer-
gency first aid antidotes 1n cases of chemical, biological, and
toxin (CBT) attacks or delivering emergency first aid medi-
caments to abate symptoms of medical conditions such as
anaphylactic shock. Conventional autoinjectors are limited
in their usefulness, as, 11 many instances, they require
storing medicaments 1n diluted form within the autoinjector,
which limits the shelf life of many medicaments and the
autoinjectors that contain them. Storing medicaments or
vaccines 1n dried form separate from the diluent can, in
many cases, significantly improve the stability and shelf life
of the medicament or vaccine. However, manually recon-
stituting a dried medicament or vaccine immediately prior to
injection 1s a complex process, typically reserved for medi-
cal protessionals. As such, further innovation 1n the field of
autoinjectors 1s needed 1n order to enable emergency auto-
injectors to store medicaments or vaccines in dried form
separate from the diluent and mix the dried drug and diluent
immediately prior to njection. In addition, imnovations are
needed to simplity usage of such automixing autoinjectors
and eliminate the need for certain autoinjectors to be admin-
istered by medical professionals. Such automixing autoin-
jectors could also provide long term storage and delivery of
multicomponent medicament mixtures that cannot be stored
long term as a single diluted mixture, such as for example
two different diluted medicaments, a diluted medicament
and a dried medicament, or a dried mixture of two different
medicaments and a single diluent.

SUMMARY OF THE DISCLOSURE

In one implementation, an automatic injector, or autoin-
jector, for delivering a medicament 1s provided. The auto-
injector includes an outer housing having proximal and
distal ends; an inner housing disposed within the outer
housing, the 1nner housing containing an activation channel
and a medicament channel, the activation and medicament
channels having proximal and distal ends and the inner
housing having a cross-channel coupling located proximate
the distal ends of the activation and medicament channels
that fluidly couples the activation and medicament channels;
an activation mechanism; and an activation impeding
mechanism, the activation channel comprising: a pressure-
release mechanism associated with an activation spring; a
flow control coupling located proximate the distal end of the
activation channel and fluidly coupled with the medicament
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channel; and a pressurizable chamber containing com-
pressed gas, and the medicament channel comprising: a pull
rod retainer and a pressure-reliel mechanism located at the
distal end of the medicament channel; and a medicament
housing assembly including a medicament delivery mecha-
nism and a medicament housing body slidably disposed
within the medicament channel, the medicament housing
body including proximal and distal ends and comprising: a
medicament chamber flmdly coupled with the medicament
delivery mechanism and having proximal and distal ends; a
valve disposed within the medicament chamber and sepa-
rating two substances predisposed within the medicament
chamber; a pull rod disposed within the medicament housing
body and having proximal and distal ends, the distal end of
the pull rod releasably coupled with the pull rod retainer and
the proximal end of the pull rod coupled with the valve; and
a plunger sealingly disposed about the pull rod within the
medicament housing body.

These and other aspects and features of non-limiting
embodiments of the present invention will become apparent
to those skilled in the art upon review of the following
description of specific non-limiting embodiments of the
invention 1 conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, the drawings
show aspects of one or more embodiments of the invention.
However, 1t should be understood that the present invention
1s not limited to the precise arrangements and instrumen-
talities shown 1n the drawings, wherein:

FIG. 1 1s a cross-sectional plan view of an example of a
pneumatic autoinjector with automated mixing capabilities
implemented in accordance with aspects of the present
disclosure:

FIG. 2 1s a cross-sectional perspective view of the pneu-
matic autoinjector of FIG. 1;

FIG. 3 1s an exploded view of the pneumatic autoinjector
of FIG. 1;

FIG. 4 1s an exploded view of the syringe assembly of the
pneumatic autoinjector of FIG. 1;

FIGS. 5A-H are cross-sectional plan views of the pneu-
matic autoinjector of FI1G. 1, illustrating various stages of its
operation;

FIG. 51 1s an exterior view of the pneumatic autoinjector
of FIG. 1, 1llustrating a window located 1n the housing;

FIGS. 6 A-B are cross-sectional plan views of a needle tip
seal that may be used with a pneumatic autoinjector like that
of FIG. 1;

FIG. 7 1s a cross-sectional plan view taken along line 7-7
of FIG. 1 illustrating the operation of medicament housing
body retainers that help to ensure that the medicament
housing body i1s held 1n place in the medicament channel of
the pneumatic autoinjector of FIG. 1 prior to activation,
during mixing, and after injection; and

FIGS. 8A-F are cross-sectional plan views of an example
of a needle-free pneumatic autoinjector 1mplemented 1n
accordance with aspects of the present disclosure, illustrat-
ing various stages of its operation.

DETAILED DESCRIPTION

Emergency medical autoinjectors should be small enough
to carry with daily gear, low cost to enable wide distribution
and stockpiling, and simple enough for use by nonmedical
personnel. Suitability for use by nonmedical personnel gen-
erally requires that an autoinjector can be operated by a
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simple “arming’” action followed by a single, simple trig-
gering or activation action, after which all processes of the
injection are automatically performed without additional
user action. Additionally, autoinjectors for emergency use
must be very simple to hold and use, since the user may be
partially or severely impaired while trying to operate the
device.

Long shelf life 1s also important for emergency autoin-
jectors, since replacing expired autoinjectors can be expen-
sive and present significant logistical considerations for
military, government, and civilian stockpiles. Many medi-
caments have greatly shortened shelf life due to oxidation,
protein degradation, or other adverse reactions when stored
in diluted form. Storing such medications in an autoinjector
in dried form, separate from the diluent, until the time of use
can thus provide autoinjectors with greatly extended shelf
life. Medicaments such as dried drugs or vaccines stored 1n
dried form for extended shelf life are commonly reconsti-
tuted 1n a vial, withdrawn using a syringe, and then mjected
at the proper dose by trained medical personnel, but this
manual approach 1s not feasible for emergency medicament
administration by nonmedical personnel. Existing medica-
ment autoinjectors can be used to store and mix or sequen-
tially imject two or more diluted medicaments, but drug
reconstitution 1s more challenging. Some manually mixed
dual chamber syringes and autoinjectors that can perform
medicament reconstitution require several user-actuated or
user-performed steps, such as shaking to mix, and are thus
generally suitable for use only by trained medical personnel.
Current fully automated autoreconstituting autoinjectors
cannot provide vigorous mixing to ensure breakup of caked
medicaments and the mixing time cannot be tuned prior to
delivery to ensure thorough dissolution or suspension of
medicaments with low solubility.

In order to enable the advantages of extended shelf life
and thorough medicament reconstitution 1n an emergency
autoinjector, the present mnventors have developed an auto-
injector capable of automatically and thoroughly mixing a
dried medicament with a diluent, providing an optional brief
pause for improved medicament dissolution and homogeni-
zation, and, 1in some embodiments, inserting a needle nto a
patient, injecting the mixed medicament, and then retracting
the needle, all without requiring the user to perform addi-
tional steps beyond arming and triggering the device. By
hiding the needle from sight during the entire sequence in
embodiments that use a needle as a medicament delivery
mechanism, needle-sensitive users can be prevented from
seeing the needle, which can help to minimize stress.
Further, as the needle 1s retracted after injection, needle-stick
injuries can be prevented.

Aspects of the present disclosure provide a pneumatic
autoinjector that, once activated, automatically mixes at
least two components 1n a pre-filled chamber and then ejects
the mixture 1n a manner suitable for medicament 1njection.
Notably, although aspects of the disclosure are directed to
autoinjectors for medicaments, substances other than medi-
caments, such as epoxies, may be mixed and injected or
otherwise extruded using a device incorporating one or more
aspects of the present disclosure. The mixable components
may be a dry/wet combination (e.g., powder and diluent),
wet/wet combination (e.g., two diluted medicaments), wet/
gas combination (e.g., chemical A and gas B), or gas/gas
combination. In some embodiments, autoinjectors made 1n
accordance with the teachings of the present disclosure may
automatically perform a sequence comprising thorough
medicament mixing (e.g., reconstitution of a dried medica-
ment with diluent), an optional pause to enhance medica-

10

15

20

25

30

35

40

45

50

55

60

65

4

ment dissolution or suspension, optional needle insertion
into the patient (not required in needle-free embodiments),
medicament 1njection into the patient, and optional needle
retraction for safe storage.

FIG. 1 illustrates a pneumatic autoinjector 100 compris-
ing a plurality of components, shown 1n detail in FIGS. 2-4,
that work 1n concert to mix and deliver a medicament on
demand. The part actions within autoinjector 100 that cause
medicament 1njection and needle retraction are 1nitiated by
a force applied by a user to an activation mechanism, here
a trigger plate 200, on a proximal end of the autoinjector.
Thereatter, the imnternal parts movement 1s automatically and
sequentially performed by the forces applied by a combi-
nation of two springs and the gas released from a high-
pressure gas cartridge, as further described hereinbelow. The
timing of events 1s determined by various tunable aspects of
the autoinjector further described hereinbelow, including the
s1zing of components such as various gas volumes and a
metering flow control orifice, the size and charge pressure of
a compressed gas cartridge, and the triggering pressures of
pressure-actuated release mechanisms. Autoinjector 100 has
an outer housing 104 adapted to receive a removable safety
cap 204 on a proximal end of the housing that 1s designed
and configured to protect trigger plate 200 and hold a spacer
in the form of a safety lock 208 in place to prevent
inadvertent activation. In some embodiments, a protective
case may be used 1n addition to or 1n place of satety cap 204.
As shown in FIG. 1, an inner housing 108, which may
comprise extruded aluminum, high-strength molded plastic,
and/or other materials, contains an activation channel 112
and a medicament channel 116 and 1s slidably disposed
within outer housing 104. Inner housing 108 includes a
cross-channel coupling 120 located proximate distal ends of
activation channel 112 and medicament channel 116 that
fluidly couples the activation and medicament channels.
Cross-channel coupling 120 may comprise an orfice, a
valve, an expandable bladder or portion of or portal to an
expandable bladder, or any other suitable coupling, and may
in some embodiments comprise a second or alternative tlow
control orifice.

As best shown 1n FIGS. 2-5A, a medicament housing
syringe assembly 304 including a medicament delivery
mechanism 1n the form of a needle 212 (which may be a
hypodermic needle or other appropriate delivery mecha-
nism) and a medicament housing syringe body 216, which
may be formed from glass, metal, or plastic with an interior
and/or exterior glass or metal coating, 1s slidably disposed
within medicament channel 116, while a pressurizable
chamber containing compressed gas, here a gas cartridge
220, and piercing pin components reside 1n activation chan-
nel 112. In this example (see, e.g., FIGS. 4 and 5A), a
pre-filled medicament chamber 400 defined by syringe body
216 and fluidly coupled with needle 212 contains both a
dried drug 500 and diluent 504 (e.g., solvent) separated from
cach other during storage by an expandable transfer valve
224 that 1s held firmly 1n place 1n an expanded, sealed state
by a pull rod 228 with a flared front tip that acts as a transier
valve expander 404, as best 1llustrated in FIGS. 1-4. In some
embodiments, pull rod 228 may be implemented as a piece
of plastic or metal; in other embodiments, the pull rod may
be implemented with or as a string, flexible filament, or
tether. For details of an example of an expandable transier
valve that may be used with autoinjectors made 1 accor-
dance with the present disclosure, see U.S. Pat. No. 7,699,
804 to Barry, which 1s incorporated by reference herein for
its teachings of expandable transier valves.
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As shown 1n FIG. 2, a pressure-release mechanism, here
a piercing pin 232, 1s disposed within activation channel 112
and biased towards gas cartridge 220 with an activation
spring 236 that provides a strong, consistent force to the
piercing pin for puncturing the gas cartridge when trigger
plate 200 1s depressed to start an autoinjector sequence.
Notably, although piercing pin 232 is used as a pressure-
release mechamism and gas cartridge 220 1s used as a
pressurizable chamber 1 various embodiments described
herein, other pressure-release mechanisms may be used,
such as a plunger sealingly disposed within a pressurizable
chamber that breaks the seal and releases the gas in the
pressurizable chamber upon being actuated. Other pressure-
release mechanisms may include a button, nonplanar plate,
or lever, among others. Other pressurizable chambers that
may be used 1n place of or in addition to a gas cartridge
include a pressurizable chamber formed monolithically with
a portion of autoinjector 100, such as activation channel 112
of inner housing 108, and chambers holding chemicals that
react with the ambient air or other chemicals provided
within the autoinjector to produce the pneumatic pressures
required to operate the autoinjector, among others. In some
embodiments, gas cartridge 220 may contain a fluid other
than a gas, such as a liquefied gas. The spring-loaded
activation mechanism has the advantage that a small force
applied by the user 1s all that 1s necessary to trigger the
device, which assures ease of use and rehability, yet the
released activation spring provides a higher actuation force
for reliably piercing gas cartridge 220. Additional features
(see, e.g., FIGS. 1-4) include: a precision flow control
coupling, here a flow control orifice 240, located proximate
the distal end of activation channel 112 and fluidly coupled
with medicament channel 116, which meters the high-
pressure gas from gas cartridge 220 volume to the volume
behind syringe assembly 304; a protective elastomer needle
t1p seal 244 that protects the syringe contents and keeps them
sterile; a return spring 248 biasing the syringe assembly
away from the proximal end of outer housing 104 1n order
to force retraction of needle 212 and the syringe assembly
alter use to conceal the needle; a pull rod retainer 252 for
releasing pull rod 228 at a precisely determined pressure
force; and a pressure triggered pressure reliel mechanism,
here a pressure relief cap 2356, for venting the residual
internal gas pressure at a precisely determined pressure after
completion of medicament injection. Although pressure
reliel cap 256 1s used as a pressure relief mechanism in
vartous embodiments described herein, 1t may be omitted
(e.g., when needle retraction 1s not necessary) and/or other
components could be used, such as a pressure relietf valve,
which may apply a varying constriction as a function of the
amount of time gas flows through 1t and/or the amount of
pressure applied to 1t, a seal that breaks 1n the presence of a
predetermined pressure gradient, or any other suitable
mechanism, such as one or more burst disks or blow-ofl
caps. Further, although return spring 248 is used in various
embodiments disclosed herein, 1t may be omitted (e.g., when
needle retraction 1s not necessary) or complemented with an
extendable “pop-out” needle cover, as known in the art.
Such an extendable needle cover may be, for example,
retained by a detent and/or formed as a part of or in place of
trigger plate 200. After trigger plate 200 and/or the extend-
able needle cover 1s depressed and the autoinjector is
activated, the detent may release the cover and a spring or
other biasing component may drive the cover away proxi-
mally from a proximal surface of the autoinjector 1 order to
cover the needle 1n case 1t 1s withdrawn from the 1njection
site prior to being retracted into the autoinjector. This would
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require the cover to have a needle orifice, as known 1n the
art, and/or two or more portions that can surround the needle
as they extend. In some embodiments, such as where a
needle cover 1s used or needle retraction 1s not necessary,
return spring 248 may be omitted from autoinjector 100.
Further, although flow control orifice 240 1s used as a tlow
control coupling 1n various embodiments disclosed herein,
other components could be used, such as a pressure relief
valve, which may apply a varying constriction as a function
of the amount of time gas flows through 1t and/or the amount
of pressure applied to 1t, a seal that breaks 1n the presence of
a predetermined pressure gradient, or any other suitable
mechanism, such as one or more burst disks or blow-ofl
caps. Other components of autoinjector 100 shown in FIGS.
2-4 are described hereinbelow 1n the context of a description
ol various stages ol operation of autoinjector 100 that may
take place during an autoinjector sequence.
Operation of an Exemplary Embodiment

Autoinjector 100 1s stored with safety cap 204 and safety
lock 208 1n place (see, e.g., FIG. 5A). To activate the
sequence of events leading to medicament injection, the user
removes safety cap 204 to expose trigger plate 200, as
shown in FIG. 5B. In some embodiments, removing safety
cap 204 also removes safety lock 208 that prevents trigger
plate 200 motion prior to use (see, €.g., material connecting
the safety lock and the satety cap in FIGS. 2 and SA, which
may be formed monolithically with the safety lock and
safety cap, adhered to the safety lock and safety cap, or
otherwise connect the lock and cap). This may be imple-
mented, for example, by providing a piece of material
connecting safety cap 204 and safety lock 208. However, 1n
some embodiments, safety lock 208 may need to be manu-
ally removed after removing safety cap 204. The removal of
satety lock 208 from autoinjector 100 “arms” the device for
use. The user then forcefully presses newly exposed trigger
plate 200 against an 1njection site (e.g., thigh muscle). The
action of applied pressure against trigger plate 200 actuates
the device by releasing spring-loaded piercing pin 232 from
an activation mmpeding mechanism, here a piercing pin
retainer 260 best shown 1n FIG. 3, which 1s then driven into
the end of high-pressure gas cartridge 220, allowing the
cartridge gas to escape (see, e.g., FIG. 5C). In this embodi-
ment, the piercing pin retainer also holds the inner housing
in place until the autoinjector 1s activated, and thus also
secures the position of the pull rod and the transfer valve that
hermetically separates the dried medicament and diluent
during storage. Although piercing pin retainer 260 1s used as
an activation impeding mechanism 1n various embodiments
described herein, other activation impeding mechanisms
could be used, such as one or more detents disposed within
autoinjector 100 that interface with one or more grooves on
a piercing pin or other activation mechanism. Other activa-
tion 1mpeding mechanisms may include a high {friction
surface coating that releasably impedes an activation mecha-
nism, an elastic or otherwise deformable member that holds
the activation mechanism 1n place and breaks when autoin-
jector 100 1s activated using an appropriate method, a
magnetic field that resists movement of a magnet attached to
or otherwise connected with the activation mechanism, or
any other mechanism suitable for releasably retaining a
component and releasing 1t under predetermined conditions.

(Gas escaping from gas cartridge 220 first pushes piercing
pin 232 back against a piercing pin seal 264 located 1n a
piercing pin housing 268 that 1s disposed withuin activation
channel 112. As piercing pin seal 264 blocks air flow from
passing through activation channel 112 in a proximal direc-
tion, the air 1s forced to flow around and towards the distal
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end of gas cartridge 220 to flow control orifice 240 (see, e.g.,
FIG. 5D). The gas flowing through flow control orifice 240
passes 1mto medicament channel 116 of iner housing 108
via cross-channel coupling 120 and starts to fill the chamber
behind a plunger seal 272 1n syringe assembly 304, which
forms a seal between syringe body 216 and pull rod 228. As
this volume fills, inner housing 108 moves toward the back
of the device (see FIGS. 5C and 3D). In some embodiments,
syringe assembly 304 may be prevented from being pulled
backward along with inner housing 108 toward the distal
end of automjector 100 by one or more syringe body
retainers that may be formed in outer housing 104 and
extend through a slot 1n mner housing 108, which grip the
syringe assembly at the location of a circumierential recess
of the syringe assembly, as turther described hereinbelow 1n
the context of FIG. 7. As inner housing 108 moves back-
ward, tension 1s applied to pull rod 228, which results in
transier valve expander 404 of the pull rod being pulled
towards the distal end of flexible (e.g., rubber) transfer valve
224, which relaxes the seal around the transter valve and, as
the pull rod pulls the transfer valve backward toward the
distal end of autoinjector 100, forces diluent 504 to flow
around the transfer valve and forcefully mix with dried drug
500 to form a mixed drug 508 or medicament (see FIG. 5D).

After the diluent has mixed with the dried medication and
pull rod 228 reaches the end of 1ts distal motion relative to
syringe body 216, the gas pressure behind plunger seal 272
continues to rise untll suilicient gas pressure force 1s applied
to release the pull rod from pull rod retainer 252, here a
plastic or metal clip disposed on the distal side of an inner
housing end cap 276 that grips a circumierential recess 1n the
pull rod (see, e.g., FIGS. 2-4). Notably, 1n some embodi-
ments, a material that breaks 1n the presence of a predeter-
mined pressure gradient, such as a rod or string, may be used
in place of or 1n addition to the illustrated metal clip design
of pull rod retainer 252 In some embodiments, one or more
burst disks, blow-ofl caps, pyrotechnic devices, and/or elec-
tronic triggers may be used to implement the pull rod
retainer. In some embodiments, the pull rod 1tself may break
when enough tension 1s applied to 1t 1n order to extend
needle 212 and perform an injection. The time elapsed
during this pressure rise provides a pause of a preconfigured
duration, as discussed further hereinbelow, that allows
mixed drug 508 to better dissolve or disperse within syringe
body 216 such that 1t 1s suitable for injection. When the gas
pressure behind plunger seal 272 reaches a predetermined
level, pull rod 228 retainer 252 releases pull rod 228, and the
pressure thrusts syringe assembly 304 forward to compress
return spring 248 and extend needle 212 out of the autoin-
jector and, typically, into the injection site (see, e.g., FIG.
5E).

After needle 212 extension, the continued metering of
compressed gas 1nto the volume behind plunger seal 272 via
flow control orifice 240 and cross-channel coupling 120
provides a pressure force that pushes the plunger seal
forward to push mixed drug 308 out of the syringe through
the needle and mto the patient (see FIG. SF). After comple-
tion of the medicament 1njection (1.e., when the plunger seal
reaches the end of its travel), the metered gas continues to
increase the pressure 1n the volume behind plunger seal 272
until pressure relief cap 256 opens (see FIG. 5G). This
sudden opening of the pressure relief cap orifice releases gas
and depressurizes the volume behind syringe assembly 304,
which allows return spring 248 to push the syringe assembly,
including needle 212, back inside the autoinjector inner
housing for sate handling until disposal (see FIG. SH). In
some embodiments, mner housing 108 may provide recog-

10

15

20

25

30

35

40

45

50

55

60

65

8

nizable indicia (e.g., bright red or orange material adhered to
the external surface) that may be visible through a transpar-
ent window 512 (see, e.g., FIG. 5I) in the distal end of outer
housing 104 of the autoinjector after the autoinjector has
completed an imjection sequence. The visible mner housing
signals that the device 1s spent, as mner housing 108 1s not
visible during device storage (see, e.g., FIGS. 5A, SH, and
SI). In some embodiments, alternative methods of signaling
that autoinjector 100 has been used or that a mixing phase
1s completed may be used. For example, such signals could
occur when pressure relief cap 256 activates, which may
produce a compressed gas actuated whistle through a prop-
erly configured and dimensioned orifice 1n the pressure relief
cap or other portion of the autoinjector and/or an internal
mechanical “click” sound and/or tactile vibration may be
produced when the pull rod 1s released or injection 1s
complete and the needle has been retracted into the outer
housing. In some embodiments, an electronic switch may be
activated within an autoinjector at one or more points during
an 1njection sequence that may cause a sound or other
teedback to be produced, a mechanism such as a pop-out
indicator may be forcetully ejected, and/or a variety of other
mechanisms may be used that may be actuated by com-
pressed gas or otherwise.

Other components of autoinjector 100, as shown 1n FIG.
2, mclude: a front cover 280 of outer housing 104, which
orips needle tip seal 244 and provides a surface on which
piercing pin retainer 260 can rest prior to activation; a gas
cartridge spacer 284, which helps to position various sizes of
gas cartridge 220 and ensure proper timing of various stages
of an autoinjector sequence by providing a bufler volume;
and a gas flow slot 288 or similar path past the gas cartridge,
which allows the passage of gas around the gas cartridge to
the flow control orifice 240. Gas cartridge 220 may be
secured 1n place in activation channel 112 with epoxy
adhesive or mechanical restraint to ensure that gas cartridge
220 stays 1n place relative to activation channel 112 so that
the gas cartridge 1s not accidentally punctured by piercing
pin 232 prior to an mtentional activation. In some embodi-
ments, flow control orifice 240 and/or gas cartridge spacer
284 may be omitted. Further, 1n some embodiments, tlow
control orifice 240 may be provided at the location of
cross-channel coupling 120. Further components of autoin-
jector 100, as shown 1n FIG. 3, include: pressure relief cap
retainer 308, which holds pressure relief cap 256 in place
prior to a pressure gradient forcing the pressure relief cap
past the pressure relief cap retainer detent after an 1njection
has taken place; a pressure relief cap seal 312, which ensures
that no air can escape around the edges of the pressure relief
cap prior to the pressure relief cap relieving the pressure 1n
inner housing 108 after a predetermined interval in an
injection sequence; and a piercing pin spring clip 316, which
1s recerved on a circumierential recess on the distal end of
piercing pin 232 and enables activation spring 236 to actuate
the piercing pin. Yet other components of autoinjector 100,
as shown 1n FIG. 4, include: a syringe rear seal 408, which
seals between syringe body 216 and the bore of inner
housing 108 to prevent gas leakage past the syringe body;
and a transier valve stiffener 412, which helps to ensure that
the expander 1s not pulled out of transfer valve 224 and that
the transier valve stays properly oriented within syringe
body 216, particularly during mixing and injection stages of
an 1njection sequence (see, e.g., FIGS. SD-E). One of
ordinary skill in the art will understand, after reading this
disclosure 1n 1ts entirety, that these and each of the other
components described herein can be implemented 1n any
number of ways, parts can be combined and formed mono-
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lithically or attached to one another through mechanical or
other means, and various materials and modifications can be
made to autoinjector 100 without departing from the spirit
and scope of this disclosure, as further described hereinbe-
low.

Tunability and Experimental Results

Various aspects of autoinjector 100 provide design param-
cters that can be adjusted to tune the timing of device
operation to suit the application need. Notably, this tunabil-
ity 1s 1n addition to the customization that 1s inherently
present 1n the design approach by changing device dimen-
s10ons as needed to accommodate different injection volumes.
These adjustable design parameters include the following:
(1) gas cartridge 220 volume, (2) gas cartridge pressure, (3)
flow control orifice 240 size, (4) sizing of the volume
pressurized prior to pull rod 228 release, (5) pull rod retainer
252 release pressure/force, and (6) pressure relief cap 256
release pressure.

For example, gas cartridge 220 volume and charge pres-
sure may be modified, e.g., by either increasing either (or
both), which results in faster injection sequence execution,
while, on the other hand, insuflicient gas inventory (1.e., the
arithmetic product of pressure and volume) results 1n incom-
plete device operation. Flow control orifice 240 and/or
cross-channel coupling 120 size can be modified, e.g.,
increased to decrease flow restriction, which may result 1n
faster injection sequence execution in some embodiments.
The volume downstream of tlow control orifice 240 that 1s
pressurized prior to pull rod 228 release can be modified,
¢.g., increased, which increases the available hold time for
medicament dissolution prior to needle 212 extension. The
triggering force required to release pull rod 228 and enable
needle 212 extension step can be modified, e.g., increased in
order to increase the available hold time for medicament
dissolution prior to needle 212 extension. Further, the trig-
gering force required to open pressure relief cap 256 may be
modified; increasing this force provides a larger pressure
difference between the pressures required to trigger pull rod
228 release from pull rod retainer 252 and activation of the
pressure relief cap, which can help to account for inaccu-
racies or inconsistencies in part performance, differences in
atmospheric pressure, etc., and thus contribute to increased
device reliability. However, increasing the triggering force
required to open pressure relief cap 256 also increases the
time required for the needle to retract after the injection,
which may be undesirable 1n some 1nstances. Other param-
cters that aflect operation timing and forces include the
amount of diluent and dried (or other) medicament predis-
posed 1n syringe body 216, riction, the spring constant (1.¢.,
spring strength) of return spring 248, and the gas volume and
sealing 1n the high pressure chamber (on the proximal side
of flow control orifice 240) containing pressurized gas
cartridge 220 and piercing pin 232.

A physics-based computer model of the autoinjector com-
ponents was developed to predict the pressures, tempera-
tures, gas tlow rates, and gas volumes within autoinjector
100 as a function of time after high-pressure gas cartridge
220 1s punctured by piercing pin 232. Pressures in gas
cartridge 220 (V1) and behind the plunger seal (V2) were
monitored during simulation of the computer model. The
following parameters were used 1n the simulation: gas
cartridge 220 volume; gas cartridge charge pressure; tlow
control orifice 240 diameter; pull rod retainer 252 release
pressure; and pressure reliel cap 256 activation pressure.

During simulation, once the high-pressure cartridge was
pierced, 1ts pressure dropped almost immediately as 1t pres-
surized the gas volume between gas cartridge 220 and flow
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control orifice 240. For one particular set of input parameter
values, over the first 0.5 seconds, the gas flowed through
flow control orifice 240 and expanded the volume behind
plunger seal 272, which resulted in pull rod 228 being drawn
through syringe body 216 and forcing the diluent and
medicament to mix via transier valve 224. The volume
behind plunger seal 272 remained at a fixed value as
pressure built to pull rod retainer 252 release pressure, which
was reached about 3.0 seconds after activation. Once the rod
was released, the V2 volume (pressurized volume in inner
housing 108) expanded as needle 212 was rapidly extended.
The medicament 1njection occurred from about three sec-
onds after activation to six seconds after activation, at which
time the V2 volume reached its maximum volume. Gas
continued to flow through tlow control orifice 240, and the
pressure 1n the V2 volume continued to rise until it reached
the pressure reliel cap 256 activation pressure value at
approximately 12 seconds after activation. Once pressure
reliel cap 256 activated, the pressure in the V2 volume
dropped rapidly and return spring 248 pushed syringe
assembly 304 back into inner housing 108.

Faster device operation can generally be achieved by
increasing the gas flow rate into the volume behind plunger
seal 272 by some combination of (1) increasing gas cartridge
220 volume, (2) increasing the gas cartridge charge pressure,
and (3) increasing tflow control orifice 240 diameter. A lower
pull rod retainer 252 release pressure may also be used, but
too low of a pressure can potentially lead to insuilicient
needle 212 extension. Pressure reliet cap activation pressure
must always be above the pull rod retainer 252 release
pressure with suflicient margin to prevent inadvertent pres-
sure relief prior to completion of medicament 1njection.
Mimmizing the diflerence between these two pressures also
minimizes the time to needle 212 retraction.

Additional Features and Alternative Embodiments

FIGS. 6A-B illustrate a mechanism for restraining or
partially restraining an enclosed medication-filled syringe
assembly, such as syringe assembly 304, by gripping the
syringe assembly needle 212 1 a flexible (e.g., rubber)
needle tip seal 244. In FIG. 6A, a widened portion of needle
tip seal 244 1s shown being gripped by opposing jaw-like
portions of trigger plate 200. As illustrated in FIG. 6B, the
oripping lforce 1s released as the jaws slide past the wide
section of needle tip seal 244 when trigger plate 200 1s
depressed, which may also trigger the autoinjector, as dis-
cussed hereinabove. In the absence of this gripping force,
needle 212 of the syringe can more easily push through
needle tip seal 244 and extend at the proper time when
suflicient pneumatic force 1s applied from within the auto-
injector.

FIG. 7 provides additional detail regarding a method for
securing a syringe assembly, such as syringe assembly 304,
in place within an autoinjector to prevent it from dislodging
during moderate mechanical shocks and/or vibrations. If not
adequately secured by a return spring such as return spring
248, syringe assembly 304 could jog forward enough to (1)
pierce needle tip seal 244, resulting 1n contamination of the
sterile syringe environment; and/or (2) dislodge pull rod 228
and transier valve 224, possibly resulting in diluent 504
leaking around the transfer valve into the storage chamber
for dried drug 500 (or other medicament) 1n medicament
chamber 400. As shown 1n FIG. 7, two medicament housing
body retainers 700 may be molded into outer housing 104
near the front end of the device. In some embodiments,
perforations created in outer housing 104 as a result of
molding medicament housing body retainers 700 therein
may be covered with an outer wrapping, such as a label, or
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otherwise hermetically sealed i such a way that intended
movement of the retainers 1s not prevented. Further, 1n some
embodiments, hard stops may be used as medicament hous-
ing body retainers, provided that syringe body 216 1s keyed
to slide forward 1nto position during assembly and then, e.g.,
rotated to lock 1nto the stops to prevent backward motion of
the syringe body during drug mixing. As shown, one or more
medicament housing body retainers 700 may extend through
one or more slots i 1nner housing 108 (see, e.g., FIG. 3) and
produce an inward force against a medicament housing
body, such as syringe body 216. The proximal end of syringe
body 216 may have a circumierential recess 704 into which
medicament housing body retainers 700 snap. The proximal
edge of recess 704 and the proximal and distal contact
surfaces ol medicament housing body retainers 700 may be
flat surfaces roughly perpendicular to the longitudinal axis
of medicament channel 116, as shown in FIG. 7. When
medicament housing body retainers 700 are engaged in
recess 704, the proximal edges of the retainers and the distal
facing edge of the recess press against each other to
mechanically prevent the syringe from moving backward
(distally) under high forces.

The distal side of recess 704 1n the medicament housing
body has a sloped surface, which enables medicament
housing body retainers 700 to slide up out of the recess when
a relatively large forward force 1s applied to the syringe
housing, such as that intentionally provided by needle 212
extension force of the autoinjector. However, the sloped rear
surface of recess 704 and the compression force of medi-
cament housing body retainers 700 are selected such that
syringe body 216 cannot move forward 1n inner housing 108
under moderately low forces, such as the forward force
generated when the autoinjector 1s dropped and lands on 1ts
proximal end. The co-action of medicament housing body
retainers 700 and recess 704 thus prevents forward motion
of syringe body 216 within inner housing 108 under mod-
erate forward forces and high backward forces, but allows
intentional forward motion of the syringe body (under high
forward force) during needle 212 extension stage. It is
important to note that if the retention force 1s too high, the
autoinjector may begin ejecting the mixed medicament prior
to extension of needle 212.

FIGS. 8A-F illustrate a needle-free autoinjector 800
implemented in accordance with various aspects of the
present disclosure. Because needle-iree autoinjector 800
operates based on many of the same principles as autoin-
jector 100 and using many very similar or identical com-
ponents, primarily distinguishing aspects of the needle-free
autoinjector are labeled 1n FIGS. 8A-F and discussed 1n
detail herembelow. Notably, 1n some embodiments, an 1nner
housing and outer housing of a needle-free autoinjector may
be formed monolithically as a single housing. A storage
condition of needle-free autoinjector 800 1s shown 1 FIG.
8A with safety cap and safety lock in place, illustrating
medicament housing assembly 804, hermetic seal cap 808,
and needle-free high-pressure delivery mechanism 812.
After removing the safety cap and safety lock, depressing
the trigger plate releases the piercing pin, which punctures
the gas cartridge (see FIG. 8B), just as with autoinjector 100.
(as pressure pushes the piercing pin against the piercing pin
seal and expands the volume behind the plunger seal,
pushing medicament housing assembly 804 forward while
retaiming the pull rod and transfer valve (see FIG. 8C). In
some embodiments, this movement may result 1n hermetic
seal cap 808 being removed or otherwise broken through
interference with a portion of the trigger plate (see FIGS. 8C
and 8D). This motion causes diluent to flow around the valve
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for medicament/diluent mixing. After mixing, the needle-
free autoinjector sequence pauses while gas pressure con-
tinues rising behind medicament housing assembly 804 and
the medicament and diluent homogenize and dissolve. Ris-
Ing gas pressure icreases tension on the pull rod, and, once
the force 1s high enough, the pull rod releases and the gas
pressure forces the plunger seal forward to eject the diluted
medicament as a strong jet through delivery mechanism 812,
which, 1n some embodiments, may result in hermetic seal
cap 808 being broken or otherwise breached 11 1t was not
already removed by other means. After injection 1s com-
plete, the pressure behind the plunger seal continues to rise
until the pressure relief cap releases and vents to atmo-
sphere. Notably, in some embodiments, the pressure relief
cap may be omitted from autoinjector 800.

Those of ordinary skill in the art will recognize, after
reading this disclosure 1n its entirety, that, although specific
embodiments are disclosed herein, many variations on the
inventive themes presented herein are realizable 1n view of
the teachings of the present disclosure. For example, 1n some
embodiments of an autoinjector like autoinjector 100 or
needle-free autoinjector 800, the gas cartridge piercing pin
may be: (1) manually pushed against the gas cartridge with
enough force to puncture the cartridge without necessarily
requiring an activation spring; (2) manually pushed against
the cartridge using a mechanism that provides mechanical
advantage, such as a lever; (3) forced against the gas
cartridge by a nonmechanical force, such as a permanent
magnet, mduction coil (e.g., an electromagnet), or pressur-
1zed gas or water; or (4) pushed against the gas cartridge
when the autoinjector 1s dropped under the force of gravity,
among others.

Further, rather than using coil springs like those shown
and described herein, leafl springs or any other appropriate
biasing mechanisms may be used, such as chemical propel-
lants. Further still, rather than using a trigger plate as part of
an activation mechanism, a button could be used, either on
the proximal surface or on a side of the autoinjector, to push
the piercing pin retainer out of the way or otherwise activate
the device, a nonplanar plate could be used, and/or a lever
could be used 1n connection with the activation mechanism
to decrease the amount of force required to activate the
autoinjector. In some embodiments, the orientation of the
gas cartridge and piercing pin may be reversed within the
activation channel such that the piercing pin is located distal
to the gas cartridge and directed 1n a proximal direction and
the gas tlows distally away from the gas cartridge. This may
require (1) a piercing-pin-like component to be attached to
or otherwise connected with the gas cartridge and a retainer
that acts like a piercing pin retamner and (2) a larger or
stronger activation spring to be used 1n order to provide
suflicient force to drive the cartridge against the piercing pin
in order to release the gas in the cartridge.

There are several combinations of medicaments or other
materials that could be mixed in accordance with aspects of
the present disclosure. Although a dried drug and diluent are
used as examples 1n, e.g., FIG. SA, any combination of
dry/wet, liquid/liquid, gas/gas, liquid/gas, or dry/gas may be
used, provided that at least one component 1s fluidic enough
to pass around the transier valve. Other materials that could
be used include medications, vaccines, and other therapeu-
tics, such as viral or cell treatments. Further, novel multi-
component chemistries that must be mixed immediately
betfore use, such as thin epoxies, substances resulting from
chemical reactions, or chemical gas generators, may be
produced using aspects of the present disclosure.
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The foregoing has been a detailed description of 1llustra-
tive embodiments of the invention. It 1s noted that 1n the
present specification and claims appended hereto, conjunc-
tive language such as 1s used in the phrases ““at least one of
X, Y and Z” and “one or more of X, Y, and Z,” unless
specifically stated or indicated otherwise, shall be taken to
mean that each 1tem 1n the conjunctive list can be present in
any number exclusive of every other item 1n the list or in any
number 1n combination with any or all other 1tem(s) 1n the
conjunctive list, each of which may also be present 1n any
number. Applying this general rule, the conjunctive phrases
in the foregoing examples 1n which the conjunctive list
consists of X, Y, and Z shall each encompass: one or more
of X:; one or more of Y; one or more of 7Z; one or more of
X and one or more of Y; one or more of Y and one or more
of Z: one or more of X and one or more of Z; and one or
more of X, one or more of Y and one or more of Z.

Various modifications and additions can be made without
departing from the spirit and scope of this mvention. Fea-
tures of each of the various embodiments described above
may be combined with features of other described embodi-
ments as appropriate in order to provide a multiplicity of
feature combinations 1n associated new embodiments. Fur-
thermore, while the foregoing describes a number of sepa-
rate embodiments, what has been described herein 1s merely
illustrative of the application of the principles of the present
invention. Additionally, although particular methods herein
may be 1llustrated and/or described as being performed in a
specific order, the ordering 1s highly variable within ordinary
skill to achieve aspects of the present disclosure. Accord-
ingly, this description 1s meant to be taken only by way of
example, and not to otherwise limit the scope of this
invention.

Exemplary embodiments have been disclosed above and
illustrated 1n the accompanying drawings. It will be under-
stood by those skilled in the art that various changes,
omissions and additions may be made to that which 1is

specifically disclosed herein without departing from the
spirit and scope of the present mnvention.

What 1s claimed 1s:

1. An automatic injector for delivering a medicament,
comprising;

an outer housing having proximal and distal ends;

an inner housing disposed within the outer housing, the

inner housing containing an activation channel and a

medicament channel, the activation and medicament

channels having proximal and distal ends and the inner
housing having a cross-channel coupling located proxi-
mate the distal ends of the activation and medicament
channels that fluidly couples the activation and medi-
cament channels;

an activation mechanism; and

an activation impeding mechanism,

the activation channel comprising:

a pressure-release mechanism associated with an acti-
vation spring;

a flow control coupling located proximate the distal end
of the activation channel and fluidly coupled with the
medicament channel; and

a pressurizable chamber containing a compressed gas,
and

the medicament channel comprising:

a pull rod retainer and a pressure-reliel mechanism

located at the distal end of the medicament channel;
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a medicament housing assembly including a medica-
ment delivery mechanism and a medicament housing
body slidably disposed within the medicament chan-
nel,

the medicament housing body including proximal and
distal ends and comprising:

a medicament chamber fluidly coupled with the
medicament delivery mechanism and having
proximal and distal ends;

a valve disposed within the medicament chamber
and separating two substances predisposed within
the medicament chamber;

a pull rod disposed within the medicament housing,
body and having proximal and distal ends, the
distal end of the pull rod releasably coupled with
the pull rod retainer and the proximal end of the
pull rod coupled with the valve; and

a plunger sealingly disposed about the pull rod
within the medicament housing body.

2. An automatic mjector according to claim 1, wherein the
medicament channel turther comprises a return spring bias-
ing the medicament housing assembly away from the proxi-
mal end of the outer housing.

3. An automatic 1njector according to claim 2, wherein a
suilicient amount of pressure applied against the activation
mechanism results 1n:

the activation mechanism overcoming the activation

impeding mechanism;

the activation spring urging the pressure-release mecha-

nism and the pressurizable chamber together, enabling

the compressed gas to escape from the pressurizable
chamber:

the gas from the pressurizable chamber passing through

the flow control coupling and cross-channel coupling

into a portion of the medicament channel between the
plunger and the pressure-reliel mechanism, causing the
inner housing to move towards the distal end of the
outer housing and pulling the pull rod through the
medicament housing body, resulting 1n the valve mov-
ing to the distal end of the medicament housing body

and causing the two substances to be mixed to create a

medicament;

the pressure of the gas from the pressurizable chamber

causing the pull rod to be released from the pull rod
retainer aiter an appropriate mixing time has elapsed
and urging the medicament housing assembly against
the return spring, causing the medicament delivery
mechanism to extend from the proximal end of the
outer housing and the plunger to force the medicament
through the medicament delivery mechanism; and

the pressure-reliel mechanism opening aiter the medica-

ment has been forced through the medicament delivery
mechanism, relieving the pressure 1n the inner housing
and enabling the return spring to urge the distal end of
the inner housing towards the distal end of the outer
housing and retract the medicament delivery mecha-
nism 1nto the outer housing.

4. An automatic mnjector according to claim 1, wherein a

suflicient amount of pressure applied against the activation
mechanism results 1n:
the activation mechanism overcoming the activation
impeding mechanism;
the activation spring urging the pressure-release mecha-
nism and the pressurizable chamber together, enabling
the compressed gas to escape from the pressurizable
chamber:
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the gas from the pressurizable chamber passing through
the tlow control coupling and cross-channel coupling
into a portion of the medicament channel between the
plunger and the pressure-reliel mechanism, causing the
medicament housing assembly to move towards the
proximal end of the outer housing and pulling the pull
rod through the medicament housing body, resulting in
the valve moving to the distal end of the medicament
housing body and causing the two substances to be
mixed to create a medicament:;

the pressure of the gas from the pressurizable chamber

causing the pull rod to be released tfrom the pull rod
retainer and the plunger to force the medicament
through the medicament delivery mechanism after an
appropriate mixing time has elapsed; and

the pressure-reliel mechanism opening after the medica-

ment has been forced through the medicament delivery
mechanism, relieving the pressure in the mner housing.

5. An automatic 1njector according to claim 4, wherein the
inner housing and outer housing are formed monolithically
as a single housing.

6. An automatic 1njector according to claim 1, wherein the
outer housing includes a window proximate the distal end of
the outer housing and the mner housing has a recognizable
outer surface that i1s not visible through the window of the
outer housing until the compressed gas escapes from the
pressurizable chamber.

7. An automatic injector according to claim 1, wherein the
pressure-reliel mechanism 1s configured and dimensioned to
produce a tactile vibration after opening.

8. An automatic 1njector according to claim 1, wherein the
pressure-reliel mechanism 1s configured and dimensioned to
produce an audible signal after opening.

9. An automatic 1njector according to claim 1, further
comprising a medicament delivery mechanism tip seal dis-
posed within the proximal end of the outer housing 1nclud-
ing a widened portion and surrounding the medicament
delivery mechanism, the activation mechanism further com-
prising opposing structures that grip the medicament deliv-
ery mechanism tip seal around the widened portion until a
suflicient amount of pressure 1s applied against the activa-
tion mechanism to force the opposing structures past the
widened portion.

10. An automatic 1injector according to claim 1, wherein a
first one of the two substances 1s predisposed proximate the
proximal end of the medicament chamber and comprises dry
matenial, a liquid, or a gas and the other of the two
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substances 1s predisposed proximate the distal end of the
medicament chamber and comprises a liquid, a liquid, or a
gas, respectively.

11. An automatic ijector according to claim 10, wherein
the first one of the two substances comprises dry material
and the other of the two substances comprises a liquid.

12. An automatic injector according to claim 1, further
comprising:

a safety cap configured and dimensioned to {it over the
proximal end of the outer housing and the activation
mechanism; and

a spacer attached to the safety cap and located between the
activation mechanism and the outer housing to prevent
the activation mechanism from moving towards the
outer housing until the safety cap 1s removed.

13. A method of tuning an automatic injector according to
claim 1, the method comprising tailoring a retaiming force of
the pull rod retainer to set an appropriate mixing time for the
two substances or to set an appropriate medicament delivery
mechanism force, plunger force, or needle retraction time.

14. A method of tuning an automatic injector according to
claim 13, further comprising tailoring a flow rate for the tlow
control coupling and/or cross-channel coupling to set an
appropriate mixing time for the two substances or to set an
appropriate medicament delivery mechanism force, plunger
force, or needle retraction time.

15. A method of tuning an automatic injector according to
claim 1, the method comprising tailoring a tlow rate for the
flow control coupling and/or cross-channel coupling to set
an appropriate mixing time for the two substances or to set
an appropriate medicament delivery mechanism force,
plunger force, or needle retraction time.

16. A method of tuning an automatic injector according to
claim 1, the method comprising tailoring a volume of one or
more bufler volumes 1n the automatic 1njector 1n order to set
an appropriate medicament mixing duration or needle retrac-
tion time.

17. A method of tuning an automatic 1njector according to
claim 1, the method comprising tailoring one or more of a
volume of gas in the pressurizable chamber, a pressure of
gas 1n the pressurizable chamber, and a pressure at which the
pressure-reliel mechamsm opens 1 order to set an appro-
priate medicament delivery duration or needle retraction
time.

18. A method of tuning an automatic injector according to
claiam 1, the method comprising tailoring an activation
impeding force of the activation impeding mechanism to set

an approprate trigger force for the activation mechanism.
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